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(54) OPTICAL RECORDING MEDIUM AND PROCESS FOR PRODUCING THE SAME 



(57) The invention provides an optical recording 
medium preventing deterioration of an organic dye, tiav- 
ing improved durabil'rty and being highly reliable, as well 
as a process for producing the same. 

The recording layer (3) including an organic dye as 
the main component, and the reflective layer (4) com- 
prising a metal selected from Cu, Ag and Au or an alloy 
containing at least one of these metals, are formed In 
this order on substrate (2). An ultraviolet-curable mate- 
rial having an organic acid content of not more than 200 
ppm by weight is laminated on the reflective layer (4) 
and then cured to fonm the protective layer (5) to give 
the optical disk (1). The dye is preferably a cyanine type 
dye, and the reflective layer Is preferably Cu, Ag or an 
alloy containing at least one of these metals. 
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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to a process for producing an optical recording medium, as well as said optical 
recording medium, and in particular to a process for producing an optical recording medium having a recording layer 
including an organic dye as the main component, as well as said optical recording medium. 

BACKGROUND ART 

TO 

[0(K)2] In recent years, various optical recording disks such as recordable type disks or rewritable type disks attract 
attention as large-capacity information media. Optical recording disks having a recording layer including a dye as the 
main component can be produced at a low cost because the recording layer can be formed by coating. 
[0003] The conventionally used optical recording disks having a recording layer including a dye as the main com- 

15 ponent are the disks of the so-called air-sandwiched structure provided with an air layer on the recording layer, and 
recently, optical recording disks capable of reproduce by providing a reflective layer so as to contact directly with the 
surface of a recording layer have been developed for meeting compact disk (CD) standards. That is, these optical 
recording disks are the disks having a recording layer including a dye as the main component, a reflective layer and a 
protective layer laminated in this order on a transparent substrate such as polycarbonate, said reflective layer being pro- 

20 vided so as to contact directly with the recording layer, to achieve the disk overall thickness of 1.2 mm meeting CD 
standards. 

[0004] Further, similar but high-density optical recording disks meeting DVD standards are also proposed. 
[0005] In optical recording disks with such layer constitution, however, the moisture permeability of polycarbonate 
used as the substrate is high, so there is a problem that in a high humidity atmosphere, water permeates into the dye 
25 layer and deterioration of the dye proceeds in the presence of water. 

[0006] The techniques of preventing water from permeating into a dye layer (or amorphous alloy thin layer) as the 
recording layer have been proposed heretofore. For example, Japanese Laid-Open Patent Publication No. 58-62841 
describes the technique of providing a hard coat layer on the surface of a substrate, and Japanese Laid-Open Patent 
Publication No. 59-198545 describes the technique of providing an interlayer of organotitanium between a substrate 
30 and an alloy recording layer. Further, Japanese Laid-Open Patent Publication No. 4-1 02241 describes the technique of 
providing an Interlayer comprising a heterocyclic compound between a substrate and a dye layer, and Japanese Laid- 
Open Patent Publication No. 4-131280 describes the technique in which a heterocyclic compound is included In a dye 
layer and a reflective layer comprises 2 layers. However, any techniques described in these publications require an 
additional layer for protecting the dye layer (or amorphous alloy thin layer), thus increasing the number of steps for pro- 
as duction of optical recording disks and resulting in higher manufacturing costs. 

[0007] Further, Japanese Laid-Open Patent Publication No. 6-231488 describes that the surface of a reflective 
layer at the side of a protective layer is treated with a triazine thiol type compound to prevent the progress of corrosion 
of the reflective layer. However, the technique described in this publication also requires an Increase in the number of 
steps for production of optical recording disks and resulting in higher manufacturing costs. 
40 [0008] In addition, an ultraviolet-curable resin for the protective layer is examined for preventing the corrosion of the 
metal layer itself. For example, Japanese Laid-Open Patent Publication No. 1-199339 defines an acid value In uttravio- 
let-curable resin; Japanese Laid-Open Patent Publication No. 5-36133 defines the amount of an organic acid ingredient 
in resin after cured; and Japanese Laid-Open Patent Publication No. 7-192315 defines the concentration of acrylic acid 
ions in the ultraviolet-cured resin layer. However, the object of any techniques described in these publications is to pre- 
45 vent the con-osion of the metal layer Itself, and the conrosion of the dye layer is not refen-ed to therein. 

[0009] In particular, Japanese Laid-Open Patent Publication No. 7-192315 discloses that an ultraviolet-cured resin 
layer with 800 ppm or less acrylic acid ions is laminated on a thin metal layer formed on a substrate, and said ultraviolet- 
curable resin is cured, wherein low reflective Al or an Al alloy is used as said thin metal layer, and that the concentration 
of acrylic acid ions is made 800 ppm or less, whereby partial oxidative deterioration of the reflective layer is prevented. 
50 However, when Al or an At alloy is used as the reflective layer, an optical recording disk with desired perfomnance can- 
not be obtained because of the low reflectivity of the metal. 

[0010] Accordingly, when a highly reflective metal or alloy Is used as the reflective layer and an organic dye is used 
in the recording layer, there are still not known any techniques by which this deterioration of organic dye can be easily 
prevented. 

55 
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DISCLOSURE OF THE INVENTION 
Object of the Invention 

5 [0011] Acxjordingly, the object of the present invention is to provide an optical recording mediunn comprising a 
recording layer including an organic dye as the main connponent and a reflective layer comprising a highly reflective 
metal or alloy, as well as a process for producing said optical recording medium, said optical recording medium prevent- 
ing deterioration of the organic dye, having improved durability and being highly reliable thereby solving the problems 
in the prior art as described above. 

10 

Summary of the Invention 

[0012] As a result of their eager study, the present inventors found that in an optical recording medium having a 
recording layer Including an organic dye as the main component and a reflective layer comprising a highly reflective 
15 metal or alloy, an organic acid contained in an ultraviolet-cured layer laminated on the reflective layer induces the initial 
stage of deterioration of the dye layer. 

[0013] Although the ultraviolet-cured layer is not contacted directly with the dye layer, it is believed that the organic 
acid in the ultraviolet-cured layer through the reflective layer forms a local cell in the interface between the dye layer and 
the reflective layer, to induce deterioration of the dye layer. 

20 [0014] The present inventors examined an ultraviolet-curable material to be laminated and cured on the reflective 
layer, and found that given an ultraviolet-curable material with an organic acid content below a predetermined amount, 
the deterioration of the dye layer can be prevented, and the present invention was thereby completed. 
[0015] That is, the present invention relates to a process for producing an optical recording medium which com- 
prises forming a recording layer and a reflective layer in this order on a substrate, laminating an ultraviolet-curable mate- 

25 rial on the reflective layer and then curing the ultraviolet-curable material to form a protective layer, wherein the 
recording layer is fonmed using an organic dye, the reflective layer is formed using a metal selected from Cu, Ag and Au 
or an alloy containing at least one of these metals, and the protective layer is formed using an ultraviolet-curable mate- 
rial having an organic acid content of not more than 200 ppm by weight. 

[0016] In the production process of the present invention, a cyanine type dye is used as the organic dye in the 
3o recording layer. Further, in the production process of the present invention, a metal selected from Cu and Ag or an alloy 
containing at least one of these metals is preferably used as the metal or alloy in the reflective layer. 
[0017] The present invention also relates to an optical recording medium obtained according to the production 
process described above. That is, the present invention relates to an optical recording medium comprising a recording 
layer and a reflective layer in this order on a substrate, said reflective layer having thereon a protective layer comprising 
35 a cured material of an ultraviolet-curable material, wherein the recording layer includes an organic dye as the main com- 
ponent, the reflective layer comprises a metal selected from Cu, Ag and Au or an alloy containing at least one of these 
metals, and the protective layer is formed by curing an ultraviolet-curable material having an organic acid content of not 
more than 200 ppm by weight 

[0018] In the optical recording medium of the present invention, the organic dye in the recording layer is preferably 
40 a cyanine type dye. Further, the metal or alloy in the reflective layer is preferably a metal selected from Cu and Ag or an 
alloy containing at least one of these metals. 

BRIEF DESCRIPTION OF THE DRAWING 

45 [0019] 

Fig. 1 is a partial sectional view of one example of the optical recording medium of the present invention. 
DETAILED DESCRIPTION OF THE INVENTION 

so 

[0020] A process for producing an optical recording disk having the layer constitution shown in Fig. 1 as the optical 
recording medium, as well as an optical recording disk obtained by the production process, is described. That is, Fig. 1 
is a partial sectional view of one example of the optical recording disk, wherein the optical recording disk (1) includes 
the coated-type recording layer (3) including a dye as the main component, the reflective layer (4) contacting directly 
55 with the recording layer (3), and the protective (5) on the reflective layer (4), in this order on a substrate (2). 

[0021] Further, the optical recording medium may be constituted of above 2 disks sticking firmly to each other for 
example so as to meet DVD standards. 

[0022] Substrate (2) is formed from glass or resin which is substantially transparent (preferably 88% or more trans- 
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mittance) toward recording light and reproducing light (wavelength of about 600 to 900 nnn). Its recording and reproduc- 
ing at the side of the back of the substrate is thereby nnade feasible. The substrate material used is preferably resin, and 
various kinds of thermoplastic resin such as polycarbonate resin, acrylic resin and amorphous polyolefin are preferable. 
[0023] Substrate (2) is in the form of a disk with an ordinary size, which when used as a recordable CD, has a thlck- 

5 ness of 1.2 mm or so and a diameter of 80 to 120 mm or so. Such substrate (2) may be manufactured in any techniques 
known in the art, such as injection molding. In this manufacturing, a predetermined pattern such as groove (21) for 
tracking and addressing etc. is preferably formed on the surface of the substrate. Alternatively, a resin layer having a 
predetermined pattern such as groove by 2P method etc. may be formed after substrate (2) is manufactured. 
[0024] Acconiing to DVD standarcls. its thickness is about 0.6 mm. 

JO [0025] The groove is preferably a spiral continuous-type groove and has a depth of 50 to 300 nm, a width of 0.2 to 
1.1 iim, and a land (portion between adjacent grooves) width of 0.3 to 1.4 |im. By such constitution of the groove, an 
excellent tracking signal can be obtained without reducing the reflection level in the groove portion. The groove can also 
be provided with concave and convex for addressing signal. Further, a recording light is preferably directed to the 
recording layer in the groove. 

75 [0026] On this substrate (2), the recording layer (3) including an organic dye as the main component is formed. 
[0027] For recording a signal, the extinction coefficient k (imaginary part of complex refractive index) at the wave- 
length of a recording light and reproducing light of the recording layer (3) is preferably 0.03 to 0.25. If k is less than 0.03, 
absorption rate of the recording layer is lowered to make recording difficult with usual recording power. On the other 
hand, if k exceeds 0.25, the reflectivity does not satisfy the standards thus making reproducing difficult. In addition, if k 

20 is 0.03 to 0.20 particularly 0.03 to 0.15, significantly good results are obtained. 

[0028] The refractive index n (real part of complex refractive index) of the recording layer (3) is preferably 1 .8 to 4.0. 
more preferably 2.0 to 3.0. Given n<1.8, the reflectivity is lowered while the degree of signal modulation tends to be 
reduced to make reproducing difficult. On the other hand, in order to achieve n>4.0, the acquisition of a raw material 
dye is difficult. 

25 [0029] The light- absorptive organic dye used in the recording layer (3) is not particularly limited insofar as the 
absorption maximum lies in 500 to 900 nm, preferably 500 to 800 nm, and one or 2 or more dyes may be selected 
depending on the object from e.g. cyanine type, phthalocyanine type, naphthalocyanine type, anthraquinone type, azo 
type, triphenytmethane type, pyrylium or thiapyrylium salt type, squarylium type, croconium type, formazan type, metal 
complex dye etc. That is, the recording layer (3) may contain a single dye or may be constituted of a mixture of 2 or more 

30 compatible dyes. 

[0030] As described above, various dyes can be used in the present invention, but the effect of the present inven- 
tion is significant when the cyanine type dye is used. That is, because the cyanine type dye has a conjugated ion type 
structure, the cyanine type dye is inherently liable to deterioration by water as compared with the phthalocyanine type 
dye or the azo type dye. And then the deterioration of the cyanine type dye can be significantly inhibited according to 
35 the present invention. 

[0031] Although the cyanine type dye is not particularly limited, it is preferably a cyanine dye having an indolenine 
ring, particularly a benzoindolenine ring, which may contain an aromatic condensed ring. And it is preferred that the 
indolenine rings are bonded via a methine chain. 

[0032] A singlet oxygen quencher is also preferably mixed with the light-absorptive dye. Further, a dye cation and 
40 a singlet oxygen quencher anion which are ionically-bonded with each other are also preferably used as the light- 
absorptive dye. 

[0033] The quencher is preferably a metal complex such as acetyl acetonate type, bisdtthiol type such as bisdithio- 
a-diketone type and bisphenyldithiol type, throcatechol type, salicylaldehyde oxime type, and thiobisphenolate type. 
Further, amine-type quenchers such as amine type compounds having a nitrogen radical cation and hindered amines 
45 are also preferable. 

[0034] The dye which constitutes the bonded system is preferably a cyanine dye having an indolenine ring, and the 
quencher is preferably a metal complex dye such as bisphenyldithiol metal complex. 

[0035] Further although the quencher may be added independently from the light-absorptive dye or may be used 
in a bonded form, the quencher is added preferably in an amount of 1 mole or less, particulariy 0.05 to 0.8 mole or so, 
50 relative to the total amount of the light-absorptive dye. Light resistance is thereby improved. 

[0036] As the dye used in the recording layer, a dye having n and k in the ranges described above may not only be 
selected from the light-absorptive dyes, dye-quencher mixtures, and dye-quencher bonded forms, but may also be 
newly synthesized by molecular design. 

[0037] k for the recording light and reproducting light of the dye is varied from about 0 to 2 depending on its skeleton 
55 and substituent groups, so, in selecting a dye having k in the range of 0.03 to 0.25 for example, there is a limitation to 
its skeleton and substituent groups. Accordingly, the solvent for coating may be limited or cannot be coated depending 
on the material of the substrate, or vapor film forming can not be carried out. Further, when new molecular design is to 
be conducted, much labor is required for design and synthesis. 
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[0038] On the other hand, k of a mixed dye layer containing 2 or more dyes is found to be a value which depending 
on the k of the dye layer comprising each of the dyes used, almost corresponds to their mixing ratio. Accordingly, the 
recording layer (3) may be formed in the present invention by compatibilizing 2 or more dyes. 

[0039] In this case, k almost proportional to the mixing ratio can be obtained in most of mixture systems of dyes. 
5 That is, when the mixing ratio of "i" kinds of dyes and "k" are Ci and ki respectively, k is almost ZCiki. Accordingly, dyes 
having different "k" are mixed under the control of the mixing ratio, whereby a dye layer with k = 0.03 to 0.25 can be 
obtained. Accordingly, the dye used can be selected from a wide range of dye groups. 

[0040] This can also apply to Improvements in wavelength dependency. The wavelength of a semiconductor laser 
is usually in the range of ±10 nm, and it is necessary to secure 70% or more reflectivity in the range of 770 nm to 790 
TO nm In commercial CD players. Generally, the k value of a dye often depends on wavelength significantly, and even If k 
is a suitable value at 780 nm, it is often greatly unsuitable at 770 nm or 790 nm. In such cases, suitable n and k values 
can be always obtained in the range of 780±10 nm by mixing a second dye therein. 

[0041 ] As a result, the limitation of the solvent for coating is relieved, so a dye easily synthesized at low costs, a dye 
excellent in characteristics, and a sparingly soluble dye can also be used. 
75 [0042] If the recording layer (3) is used as a mixed dye layer, the dyes used may be selected from those having n 
of 1 .6 to 6.5 and k of 0 to 2. 

[0043] In addition, in measurement of n and k, a recording layer having a thickness of e.g. 40 to 1 00 nm is provided 
under actual conditions on a predetermined transparent substrate to prepare a measurement sample. Then, the reflec- 
tivity of the measurement sample through the substrate or the reflectivity thereof at the side of the recording layer Is 
20 measured. The reflectivity is measured using mirror reflection (about 5**) by use of recording and reproducing light 
wavelengths. Further, the transmittance of the sample is measured. From these measured values, n and k may be cal- 
culated according to e.g. Kozo Ishiguro in Kyoritsuzensho "Kogaku", pp. 168-178. 

[0044] Formation of the recording layer (3) can be conducted by a spin coating method. That is, a coating solution 
containing a dye and an organic solvent can be applied-spread onto the spinning substrate (2) to form the recording 
25 layer (3). 

[0045] The organic solvent used in the coating solution for forming the recording layer can be selected from alcohol 
type, ketone type, ester type, ether type, aromatic type, halogenated alkyi type etc., as necessary depending on the dye 
used, but an organic solvent having 2 or more functional groups in the molecule is suitable. 
[0046] After spin coating, the coated layer is dried as necessary. 
30 [0047] The thickness of the recording layer thus formed is to be suitably set depending on desired reflectivity etc. 
but is usually about 100 to 300 nm. 

[0048] A metal selected from Cu, Ag and Au or an alloy containing at least one of these metals is used to form the 
reflective layer (4) so as to contact directly with the recording layer (3). 

[0049] If Au is used in the reflective layer, a local cell is hardly fonned in the interface between the dye layer and the 
35 reflective layer described above, so the deterioration of the dye layer can be easily inhibited, but Au is expensive. 
Accordingly, a metal selected from Cu and Ag is preferably used in the present invention to fonm the reflective layer, 
moreover inhibiting the deterioration of the dye layer. Among Cu and Ag, Ag is more preferable because it is highly 
reflective and excellent in anticon-osion. 

[0050] Further, in the present invention, an alloy containing at least one metal selected from Cu, Ag and Au can also 
40 be used to form the reflective layer 

[0051] As the Ag type alloy, those containing one or more elements selected from Cu, Ti, V, Ta, Cr, Mo, W, Mn, Fe, 
Co, Rh, Ni, Pd. Pt, Au, Al etc. in addition to Ag are preferable, and the content of Ag is preferably made 40 atomic % or 
more to achieve high reflectivity. 

[0052] Formation of the reflective layer (4) can be conducted by various vapor film forming processes such as sput- 
45 tering, deposition etc. 

[0053] The thickness of the reflective layer (4) is preferably 20 nm or more. If the thickness is decreased, the reflec- 
tivity tends to be inadequate. By constituting the reflective layer in this way, the reflectivity (unrecorded portion) through 
the substrate when formed into an optical recording disk attains 60% or more, particularly 70% or more. 
[0054] On the reflective layer (4), the protective layer (5) is fonned using an ultraviolet-curable material with an 

so organic acid content of not more than 200 ppm by weight. 

[0055] Although the type of the ultraviolet-curable material is not particularly limited, it is important that the organic 
acid content in said material is not more than 200 ppm by weight. Here, the organic acid is an organic compound having 
an acidic functional group, and examples include carboxylic acid RCOOH, sulfonic acid RSO3H, sulfinic acid RSO2H, 
phenol ArOH, enol RCH=CR' (OH), thiol RSH etc. 

55 [0056] It is important that the total amount of these organic acids in the ultraviolet-curable material is not more than 
200 ppm by weight, preferably not more than 180 ppm by weight. If this amount exceeds 200 ppm by weight, the amount 
of the organic acid in the protective layer fomned by curing the ultraviolet-curable material is too much, a local cell in the 
Interface between the dye layer and the reflective layer is easily formed, and deterioration of the dye layer easily occurs 
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during storage of the optical disk at high temperature under high humidity or during storage of the optical disk in an 
acidic atmosphere. 

[0057] The ultraviolet -curable material is constituted preferably of an ultraviolet-curable compound or its composi- 
tion for polymerization. Examples include monomers, oligomers, polymers etc. in which groups to be crosslinked or 
5 polymerized by irradiation with UV rays, such as acrylic type double bonds such as in ester compound of acrylate and 
methacrylate, altyl type double bonds such as in diallyl phthalate, and unsaturated double bonds such as in maleic acid 
derivatives, etc. have been contained or introduced into a molecule. These are preferably multifunctional, particularly 
trifunctional or more, and may be used alone or in combination thereof. 

[0058] The ultraviolet-curable monomer is preferably a compound with a molecular weight of less than 2000, and 
10 the oligomer is preferably a compound with a molecular weight of 2000 to 1 0000. These include styrene, ethyl acrylate, 
ethylene glycol diacrylate, ethylene glycol dimethacrytate, di ethylene glycol diacrylate, diethylene glycol methacrylate, 
1,6-hexane glycol diacrylate, 1,6-hexane glycol dimethacrylate etc., and particularly preferable examples include pen- 
taerythritol tetra(meth) acrylate, pentaerythritol (meth) acrylate, trim ethylo I propane tri(meth)acrylate, trimethylolpropane 
di{meth)acrylate, (meth)acrylate of phenol ethylene oxide adduct, etc. Besides, the ultraviolet-curable oligomer includes 
15 oligoester acrylate, acrylic modified urethane elastomer etc. 

[0059] In addition to or in place of the compounds described above, an ultraviolet-curable compound obtained by 
ultravioiet-responsi eve ly -modifying thermoplastic resin may be used. Specifically, such ultraviolet-curable resins are 
resins having groups to be crosslinked or polymerized by irradiation with UV rays, such as acrylic type double bonds 
such as in ester compound of acrylate and methacrylate, allyl type double bonds such as in diallyl phthalate and 
20 unsaturated double bonds such as in maleic acid derrvatrves, etc. contained or introduced into the molecule of thermo- 
plastic resin. Examples of thermoplastic resin which can be modified into ultraviolet-curable resin include vinyl chloride 
type copolymers, saturated polyester resin, poly(vinyl alcohol) type resin, epoxy type resin, phenoxy type resin, fiber 
derivatives etc. 

[0060] The composition for polymerization is cured by irradiation with UV rays, and thus an optical polymerization 
25 initiator or a sensitizer is preferably contained in the composition for polymerization. The optical polymerization initiator 
or sensitizer used are not particularly limited, and for example, it can be suitably selected from those conventionally 
used, such as acetophenone type, benzoin type, benzophenone type, thioxantone type etc. As the optical polymeriza- 
tion initiator or sensitizer, plural compounds may be used in combination. The content of the optical polymerization ini- 
tiator in the composition for polymerization is usually about 0.5 to 5% by weight. Such composition for polymerization 
30 may be synthesized in a usual manner, and it may be prepared using a commercial compound. 

[0061] As the ultraviolet-curable material, a composition containing epoxy resin and a photo-cation polymerization 
catalyst is also preferably used. 

[0062] The epoxy resin is preferably alicyclic epoxy resin, particularly the resin having 2 or more epoxy groups in 
the molecule. The alicyclic epoxy resin is preferably one or more of the following resins: 3,4-epoxycyclohexyl methyl- 
35 3,4-epoxycyclohexane carboxylate, bis-{3,4-epoxycyclohexylmethyl) adipate, bis-(3,4-epoxycyclohexyl) adipate, 2-(3,4- 
epoxycyclohexyl-5,5-spiro-3,4-epoxy) cyclohexane-metha-dioxane, bis(2,3-epoxycyclopentyl) ether and vinyl cyclohex- 
ene dioxide etc. Although the epoxy equivalent of alicyclic epoxy resin is not particularly limited, it is preferably 60 to 
300, more preferably 100 to 200 for attaining excellent curable properties. 

[0063] The photo-cation polymerization catalyst used may be any of known ones and is not particularly limited. For 
40 example, it is possible to use one or more of the followings: metal fiuoroborates and boron trifluoride complexes, 
bis(perfiuoroalkyl sulfonyl) methane metal salts, aryl diazonium compounds, aromatic onium salts of the group 6A ele- 
ments, aromatic onium salts of the group 5A elements, dicarbonyl chelate of the groups 3A to 5A elements, thiopyrylium 
salts, the group 6A elements having MF6 anions (M is P, As or Sb), triaryl sulfonium complex salts, aromatic iodonium 
complex salts, aromatic sulfonium complex salts etc., and it is particularly preferable to use one or more of the follow- 
45 ings: potyaryl sulfonium complex salts, aromatic sulfonium salts or iodonium salts of halogen-containing complex ions, 
and aromatic onium salts of the group 3A elements, the group 5A elements and the group 6A elements. 
[0064] Further, it is also possible to use an photo-cation polymerization catalyst containing an organometal com- 
pound and an organosilicon compound having photodegradability. Such photo-cation polymerization catalyst is a non- 
strong acid type, so its adverse effect on a highly conrosive recording layer in an optical magnetic recording disk can be 
so avoided. The organometal compounds are preferably complex compounds having an alkoxy group, phenoxy group, p- 
diketonato group etc. bonded to metal atoms such as Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn. Al. Zr etc. Among these, orga- 
noaluminum compounds are particularly preferable, and specifically, tris-methoxy aluminum, tris-propionatoaluminum, 
tris-trifluoroacetyl aluminum and tris-ethylacetoacetonatoaluminum are preferable. 

[0065] The organosilicon compounds having photodegradability are those generating silanol upon in-adiation with 
55 UV rays etc., and silicon compounds having a peroxysilano group, o-nitrobenzyl group and a-ketosilyl group etc. are 
preferable. 

[0066] The content of the photo-cation polymerization catalyst in the composition is 0.05 to 0.7 part by weight, par- 
ticularly 0.1 to 0.5 part by weight relative to 1 00 parts by weight of epoxy resin. 
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[0067] Formation of the protective layer (5) can be conducted by laminating such ultraviolet -curable material on the 
reflective layer (4) and then curing it. 

[0068] Lamination of the ultraviolet-curable material on the reflective layer (4) is preferably conducted by a spin 
coating method to prevent damage to the reflective layer, but may also be conducted by a screen printing method, a 
5 dipping method or a spray coating method etc. The conditions for lamination of the ultraviolet-curable material are not 
particularly limited and may be detemnined as necessary depending on the viscosity of the coating solution and desired 
thickness etc. 

[0069] Then, the coating layer of the uttraviolet-curable material is cured by irradiation with UV rays. Alternatively, 
depending on the case, the ultraviolet-curable material is first heated and then irradiated with UV rays. Further, it may 
10 be Irradiated with electron beam etc. in place of UV rays. The In-adiation dose of UV rays to the coating layer may be 
about 500 to 2000 mJ/cm^. A source for UV rays may be conventional one such as mercury lamp. By irradiation with 
UV rays, the respective compounds described above are radical -polymerized and cured. 

[0070] The thickness of the protective layer (5) is preferably about 1 to 20 jim. If the thickness is decreased, the 
anticorrosrve effect of the reflective layer and the recording layer tends to be inadequate. On the other hand, if the thick- 
15 ness is increased, cracks resulting from shrinkage upon curing occur, or warpage of the disk is easily generated. 
[0071] Further, a label printing layer may be provided on the protective layer (5). 

[0072] According to the process for producing an optical recording medium according to the present invention, a 
recording layer is formed using an organic dye and a reflective layer is formed using a highly reflective metal selected 
from Cu, Ag and Au or an alloy containing .at least one of these metals and an uttraviolet-curable material with an 
20 organic acid content of not more than 200 ppm by weight is laminated and then cured to form a protective layer, so the 
organic acid content in the protective layer thus formed is sufficiently low, and formation of a local cell in the interface 
between the dye layer and the reflective layer can thereby be prevented. Accordingly, the dye layer in the resulting opti- 
cal disk can be kept stably and is highly reliable even during storage at high temperature under high humidity or during 
storage in an acidic atmosphere. 
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MODE FOR CARRYING OUT THE INVENTION 



[0073] Hereinafter, the present invention is described in more detail with reference to the Examples, which however 
are not intended to limit the present invention. 
30 [0074] In the Examples and Comparative Examples, the following ultraviolet-curable materials were used. 

• SD-318, from Dainippon Ink & Chemicals, Inc. 

• SD-211, from Dainippon Ink & Chemicals, Inc. 

• SD-17, from Dainippon Ink & Chemicals, Inc. 
35 • MD-341, from Nippon Kayaku Co., Ltd. 

•. SD-2200, from Dainippon Ink & Chemicals, Inc. 

[0075] The organic acid content in each of the ultraviolet-curable materials was quantitated in the following method. 
[0076] 2 g of the ultraviolet-curable materiaI/20 ml of pure water was stirred for 1 hour in a shaker (400 time/minute), 
40 left for 2 hours and separated by centrifugation into a material layer and an aqueous layer, and the aqueous layer was 
analyzed by ion chromatography. 

{Conditions for analysis by ion chromatography) 

45 [0077] 

Analyzer: 4520i, produced by Dionex 
Columns: AG4A-SC (guard column) 
AG4A-SC (separation column) 
so Eluent: 5.0 mM Na2B407 

Flow rate: 2.0 ml/min. 
Detector: Electrical conductance detector 
Regeneration system: ARSS-I (electrolysis system) 

55 
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(Results of analysis by ion chromatography) 
[0078] 

5 SD-318: organic acid content, 171 ppm by weight 

SD-21 1 : organic acid content, 261 ppnn by weight 
SD-17: organic acid content, 290 ppm by weight 
MD-341: organic acid content, 189 ppm by weight 
SD-2200: organic acid content, 220 ppm by weight 

10 

[Example 1 -1] 

[0079] A recordable type compact disk (CD-R) with the constitution shown in Fig. 1 was prepared. 
[0080] First, the recording layer (3) with a thickness of 200 nm containing a dye was formed on the polycarbonate 
15 resin substrate (2) with a diameter of 1 20 mm and a thickness of 1.2 mm having spiral continuous grooves (21 ). 

[0081] For formation of the recording layer (3), 5 parts by weight of a mixture of the cyanlne type dye C1 (80% by 
weight) and singlet oxygen quencher Q (20% by weight) below was dissolved in 95 parts by weight of diacetone alcohol 
to form a coating solution and then the coating solution was applied by spin coating. 



25 



30 




35 



40 



45 




J(n-C4H9)^ 



Q 



so 



55 



[0082] Then, the silver reflective layer (4) was formed by sputtering process on the recording layer (3). The thick- 
ness of the reflective layer was 80 nm. 

[0083] Then, the ultraviolet -curable material (SD-318) was applied by spin coating to fonm a layer with an average 
thickness of 1 0 urn on the reflective layer (4) and cured by in^diation with UV rays at 500 mJ/cm^ whereby the protective 
layer (5)was formed. 

[0084] The recordable type compact disk sample was obtained in this manner. 
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[Example 1-2] 

[0085] A disk sample was obtained In the same manner as in Example 1-1 except that a gold-silver alloy (gold: sil- 
ver = 30:70 (ratio by weight)) was used as the reflective layer. 

5 

[Example 1-3] 

[0086] A disk sample was obtained in the same manner as in Example 1-1 except that copper was used as the 
reflective layer. 

10 

[Example 1-4] 

[0087] A disk sample was obtained in the same manner as in Example 1 -1 except that the dye used was a mixture 
of cyanine type dye C2 (40% by weight) and cyanine type dye C3 (40% by weight) below and said singlet oxygen 
15 quencher Q (20% by weight). 



20 



25 



30 



35 



40 



45 




SO 

[Example 1-5] 

[0088] A disk sample was obtained in the same manner as in Example 1-1 except that the solution for applying a 
55 dye was a solution of 3 parts by weight of azo type dye A below In 97 parts by weight of methyl cellosolve. 
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t 

[Example 1-6] 

[0089] A disk sample was obtained in the same manner as in Example 1-1 except that the solution for applying a 
dye was a solution of 3 parts by weight of phthalocyanine type dye P below in 97 parts by weight of methyl cellosolve. 

5 



JO 



20 
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[Example 1-7] 

[0090] A disk sample was obtained in the same manner as in Example 1-1 except that gold was used as the reflec- 
tive layer. 

5 

[Comparative Example 1-1] 

[0091] A disk sample was obtained in the same manner as in Example i-i except that aluminum was used as the 
reflective layer 

10 

[Comparative Example 1 -2] 

[0092] A disk sample was obtained in the same manner as in Example 1 -1 except that aluminum-titanium alloy was 
used as the reflective layer. 

15 

[Example 2-1] 

[0093] A disk sample was obtained in the same manner as in Example 1-1 except that MD-341 was used as the 
ultraviolet-curable material. 

20 

[Example 2-2] 

[0094] A disk sample was obtained In the same manner as in Example 1-2 except that MD-341 was used as the 
ultraviolet-curable material. 

25 

[Example 2-3] 

[0095] A disk sample was obtained In the same manner as in Example 1-4 except that MD-341 was used as the 
ultraviolet-curable material. 

30 

[Example 2-4] 

[0096] A disk sample was obtained in the same manner as in Example 1-5 except that MD-341 was used as the 
ultraviolet-curable material. 

35 

[Example 2-5] 

[0097] A disk sample was obtained in the same manner as In Example 1 -7 except thai MD-341 was used as the 
ultraviolet-curable material. 

40 

[Comparative Example 2-1) 

[0098] A disk sample was obtained in the same manner as in Example 1-1 except that SD-2200 was used as the 
ultraviolet-curable material. 

45 

[Comparative Example 2-2] 

[0099] A disk sample was obtained in the same manner as in Example 1-2 except that SD-2200 was used as the 
ultraviolet-curable material. 

so 

[Comparative Example 2-3] 

[0100] A disk sample was obtained in the same manner as In Example 1-3 except that SD-2200 was used as the 
ultraviolet-curable material. 

55 

[Comparative Example 2-4] 

[0101 ] A disk sample was obtained in the same manner as in Example 1-4 except that SD-2200 was used as the 
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urtravio let -curable material. 
[Comparative Example 2-5] 

5 [0102] A disk sample was obtained in the same manner as in Example 1 -5 except that SD-2200 was used as the 
uftravio let-curable material. 

[Comparative Example 2-6] 

10 [0103] A disl< sample was obtained in the same manner as in Example 1-6 except that SD-2200 was used as the 
ultraviolet-curable material. 

[Comparative Example 2-7] 

15 [0104] A disk sample was obtained in the same manner as in Example 1-7 except that SD-2200 was used as the 
ultraviolet -curable material. 

[Comparative Example 2-8] 

20 [0105] A disk sample was obtained in the same manner as in Comparative Example 1 -1 except that SD-2200 was 
used as the ultraviolet-curable material. 

[CompafBtive Example 3-1] 

25 [0106] A disk sample was obtained in the same manner as in Example 1-1 except that SD-21 1 was used as the 
ultraviolet-curable material. 

[Comparative Example 3-2] 

30 [0107] A disk sample was obtained in the same manner as in Example 1-2 except that SD-221 was used as the 
ultraviolet-curable material. 

[Comparative Example 3-3] 

35 [0108] A disk sample was obtained in the same manner as in Example 1 -5 except that SD-221 was used as the 
ultraviolet-curable material. 

[Comparative Example 3-4] 

40 [0109] A disk sample was obtained in the same manner as In Example 1-7 except that SD-221 was used as the 
ultraviolet-curable material. 

[Comparative Example 4-1] 

45 [0110] A disk sample was obtained in the same manner as in Example 1 -1 except that SD-1 7 was used as the ultra- 
violet-curable material. 

[Comparative Example 4-2] 

50 [0111] A disk sample was obtained in the same manner as In Example 1-2 except that SD-1 7 was used as the ultra- 
violet-curable material. 

[Comparative Example 4-3] 

55 [0112] A disk sample was obtained in the same manner as in Example 1-5 except that SD-1 7 was used as the ultra- 
violet-curable material. 
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[Comparative Example 4-4] 

[01 13] A disk sample was obtained in the same manner as in Example 1 -7 except that SD-1 7 was used as the ultra- 
violet-curable material. 

5 [01 1 4] The respective disk samples obtained in the manner described above were examined In an accelerated test 
under the following 2 conditions: 

(1) 80*'C, 80% RH, 500 hr (time); 

(2) Sulfite gas atmosphere (5 ppm). 40*0, 80% RH, 100 hr. and their block en-or rate (BLER) was measured before 
10 and after the test. 

[01 1 5] For measurement of BLER, a CD-R recorder: 920S (Sony) was used for recording, and a CD measurement 
device: CD-CATS (Audio Development) was used to measure the inner circumferential part of each sample for 10 min- 
utes, and an average number per 1 second (Count/Sec) was determined. The measurement results are shown in Table 
15 1 . The Orange book as the standards for CD-R requires that BLER should be 220 Count/Sec or less. 
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Aocsaarated t»st (1) : 80*C, 80% BH, 500 hr 



AooeijBzated test (2)s Sulfite gas otnospfaeore (5 pen), 40*C, 80% RR, 100 hr 



[0116] From Table 1 . it is evident that the disk samples in the Examples possess practically adequate performance 
even after the accelerated test The disk samples in Examples 1-1 , 1-2, 1-4, 1 -5 and 1-7 achieve excellent results due 
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to lower organic acid contents in the ultraviolet-curable material than in the con-esponding Examples 2-1, 2-2, 2-3, 2-4 
and 2-5. 

[0117] On the other hand, the disk samples in Comparative Examples 2-1 to 2-6, Comparative Examples 3-1 to 3- 
3 and Comparative Examples 4-1 to 4-3 have deteriorated BLER after the accelerated test. 

[0118] Further, the deterioration degree of BLER in the disk sample using gold in the reflective layer after the accel- 
erated test is generally lower than that of the disk samples using silver, copper etc. This is probably because a local cell 
In the interface between the dye layer and the reflective layer is hardly formed when gold is used In reflective layer. From 
this, the present invention is particularly effective when silver, copper etc. are used In the reflective layer. 
[0119] Further, the deterioration degree of BLER in the disk samples using the azo type dye or phthalocyanlne type 
dye (Examples 1-5, 1-6 and 2-4, Comparative Examples 2-5, 2-6, 3-3 and 4-3) after the accelerated test is generally 
lower than that of the disk sample using the cyanine type dye. This is because the azo type dye and phthalocyanlne 
type dye are less deteriorated at high temperature under high humidity than the cyanine type dye having a conjugated 
ion-type structure having a methine chain. From this, the present invention is particularly effective when the cyanine 
type dye is used in the recording layer. 

[0120] In Comparative Examples 1-1, 1-2 and 2-8, the reflectivity of the reflective layers is too low to measure 
BLER. 

[0121] The present Invention can be carried out in any other modes without departure from the sprit or major char- 
acteristics thereof. Accordingly, the above-described Examples are provided for purposes of illustration only and are not 
intended to be limiting. Further, any modification in a scope equivalent to the claims is within the scope of the present 
Invention. 

INDUSTRIAL APPLICABILITY 

[0122] According to the process for producing an optical recording medium In the present invention, an ultraviolet- 
curable material with an organic acid content of not more than 200 ppm by weight Is cured to form a protective layer, so 
the organic acid content in the fomned protective layer is sufficiently low and deterioration of the dye layer can be inhib- 
ited. As a result, the dye layer In the optical recording medium of the present invention can be kept stably even during 
storage at high temperature under high humidity or during storage in an acidic atmosphere and is thus highly reliable. 

Claims 

1. A process for producing an optical recording medium which comprises forming a recording layer and a reflective 
layer in this order on a substrate, laminating an ultraviolet-curable material on the reflective layer and then curing 
the ultraviolet-curable material to form a protective layer, wherein the recording layer is fomned using an organic 
dye, the reflective layer is fonned using a metal selected from Cu, Ag and Au or an alloy containing at least one of 
these metals, and the protective layer is fonned using an ultraviolet -curable material having an organic acid content 
of not more than 200 ppm by weight. 

2. A process for producing an optical recording medium according to claim 1 , wherein a cyanine type dye is used as 
the organic dye in the recording layer. 

3. A process for producing an optical recording medium according to claim 1 or 2, wherein a metal selected from Cu 
and Ag or an alloy containing at least one of these metals is used as the metal or alloy in the reflective layer. 

4. An optical recording medium comprising a recording layer and a reflective layer in this order on a substrate, said 
reflective layer having thereon a protective layer comprising a cured material of an ultraviolet-curable material, 
wherein the recording layer includes an organic dye as the main component, the reflective layer comprises a metal 
selected from Cu, Ag and Au or an alloy containing at least one of these metals, and the protective layer is formed 
by curing an ultraviolet-curable material having an organic acid content of not more than 200 ppm by weight. 
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